[0001] MIDSOLE INCLUDING CUSHIONING STRUCTURE 



[0002] BACKGROUND OF THE INVENTION 
Field of tlie Invention^ 

The present invention relates to a midsole of a shoe sole, 
particularly to a cushioning structure thereof. 

[0003] Description of the Related Art: 

A shoe sole is reqiiired to have cushioning performance. 

In a conventional shoe sole, in general, a landing shock at 
the time of walking is absorbed by dissipating energy through 
compression deformation of a midsole or the like. However, a, 
sufficient cushioning property can not be obtained merely by the 
absorption (dissipation) of the energy through compression 
deformation, since the amount of the absorption is generally small. 

On the other hand, if the midsole is made thick in order to 
make the dissipation of the energy large, the hghtweight property 
of the shoe sole is lost. 

[0004] Fig. 15 (a) is a perspective view of a cushioning part 
disclosed in Japanese Patent Laid-Open No. Hei8-38211. 

This cushioning part 500 is made of gel, and is provided with 
notch portions 501 for allowing compression deformation at the 
time of compression deformation of the part 500. However, the 
notch portions 501 are not a significant factor in promoting shear 
deformation. 

[0005] Fig. 15(b) is a cross-sectional vertical side view showing a 
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cushioning structure disclosed in Japanese Patent Laid-Open No. 
Hei3-170102. 

The cushioning structure shown in Fig. 15(b) is provided 
with a columnar part 510 made of gel, and a coil spring 511 fitted 
around the part 510 for storing repulsive "spring-back" energy at 
the time of kicking and going forward. 

[0006] Fig. 15(c) IS a perspective view showing a part of an 
orthopedic shoe sole disclosed in U.S.P. 4,217,907. 

This part 520 is fixed to a heel of an outer sole. This part 520 
includes a number of projecting ribs 521 arranged side by side in a 
circumferential direction. When receiving a repulsing force W fi:om^ 
the ground, the projecting ribs 521 rotate part 520 in the direction 
of the arrow 522. The part 520 is for correcting and curing foot 
deformities by this rotation. Part 520 is made of a relatively hard 
material and is not designed to absorb shock. 

[0007] Fig. 16(a) and Fig. 16(b) are a firont view and a plan view 
respectively showing a projection 400 of a sole disclosed in Peterson 
(U.S.R 5,782,014). 

A midsole unit of Peterson is provided with the helical or 
screw-like projection 400. Groove 401 is provided around the 
projection 400 in a range al of rotation of 360 degrees or more, i.e., 
groove 401 completely circumscribes projection 400. Since 
projection 400 thus has a shape like a screw and if a compression 
load is applied vertically to projection 400, the projection 400 is 
vertically compression- deformed like a coil spring, i.e., there is only 
a minimal amount of shear deformation. 
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[0008] A cushioning structure disclosed in Japanese Patent 
Laid-Open No. 197503/2000 that includes a shearing 
transformation element at a rear foot portion of a midsole. The 
shearing transformation element is shear-deformed at the time of 
landing in such a manner that it falls forward. However, since the 
element is deformed in such a manner that it falls, it is difficult to 
apply this concept under the ball of the foot. 

[0009] SUMMARY OF THE INVENTION 

An object of the invention is to improve a cushioning 
property due to shear deformation by providing a new structure of^- 
a shoe sole. 

[0010] In order to achieve the object, according to a first aspect of 
the invention, a midsole is provided between an outer sole and an 
upper that is suitable for absorbing a shock of landing that includes 
a thick plate-shaped or column-shaped cushioning portion. A 
pluraUty of grooves are formed on an outer peripheral surface of 
the cushioning portion. The respective grooves are helically formed 
around a substantially vertical axial line. The respective grooves 
are arranged substantially parallel with each other. A range a in 
which each of the grooves is formed is larger than about 15 degrees 
around the axial hne and smaller than about 180 degrees around 
the axial Une. 

[0011] When compression load is applied to the cushioning portion 
in the vertical direction, a rotating force to twist the cushioning 
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portion around the vertical axial line is applied to the cushioning 
portion. Thus, shear deformation along the horizontal plane 
perpendicular to the axial Une is generated in the inside of the 
cushioning portion. 

This shear deformation has a cushioning function (i.e. an 
absorption function of energy) much greater than normal 
compression deformation. In the case where the cushioning part is 
required to be thin, e.g., the ball of the foot, the cushioning function 
due to shear deformation is greater and more effective than the 
cushioning function created by compression thereon. Further, since 
this shear deformation is generated around the axial line, in the 
case where the cushioning part is provided at a thin place, it hasi 
the cushioning function greater than such shear deformation as 
causes deformation in a state of falling, and therefore, it is more 
effective. 

[0012] In the invention, the "midsole" is provided between an outer 
sole and an upper and has the cushioning function. The whole 
midsole may be integrally formed, or may be constructed by 
assembling a plurality of parts. Besides, the cushioning portion 
may be integrally formed with a midsole body, or may be 
constructed by a part different from the midsole body. 

[0013] In the invention, the term "helix" denotes a Une formed by 
simultaneously and continuously carrying out both rotation of a 
point around one axial line and translation thereof along the axial 
hne. The term "helical" means "hehx-like", that is, includes not only 
a case where the ratio of a rotation angle by the rotation to a 



4 



movement amount by the translation is constant, but also a case 
where the ratio of the rotation angle to the movement amount is 
inconstant. Further, the "heUcal" includes a locus formed by 
simultaneously carrying out the parallel movement of the 
translation, which accompanies the rotation, along the axial line, 
and the movement in a radial direction with respect to the axial 
hne. 

[0014] In the invention, since the plurality of heUcal grooves is 
provided in the cushioning portion or the cushioning part, a helical 
protrusion or convex portion (bank) is generally formed between 
the grooves. 

[0015] In the case where the point is not moved in the radial 
direction, the groove and the convex portion become such groove 
and convex portion as those of a hehcal gear. In the case where the 
point is moved in the radial direction, in addition to the parallel 
movement along the axial line, the groove and the convex portion 
become such groove and convex portion as those of a heUcal bevel 
gear or a spiral bevel gear. 

[0016] In the invention, it is preferable that a lead angle 9 between 
the groove and the horizontal plane is set within the range of 35 
degrees to 60 degrees. In the case where the lead angle G is set 
within the range as stated above, since the projection between the 
grooves is deformed in such a manner that it largely falls, the 
cushioning performance becomes high. 
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[0017] According to a second aspect of the invention, a midsole 
provided between an outer sole and an upper and being suitable for 
absorbing a shock of landing includes a midsole body and a 
cushioning part (component). 

The midsole body includes a cavity. The cushioning part is 
fitted in the cavity. The cushioning part is formed of an elastomer. 
Young modulus of a member constituting the cushioning part is set 
to be a value smaller than Young modulus of a member constituting 
the midsole body. The cushioning part includes a through hole 
passing through the cushioning part fi:om its upper surface to its 
lower surface, so that it is formed into a ring shape having an outer 
peripheral surface and an inner peripheral surface. A plurahty of 
grooves is helically provided on the outer peripheral surface of the 
cushioning part, the grooves being arranged substantially parallel 
with each other. A pluraUty of grooves is helically provided on the 
inner peripheral surface of the part, the grooves being arranged 
substantially parallel with each other. 

[0018] In the second aspect, since the through hole is formed in the 
cushioning part, torsional rigidity around the axial Hne is small, 
and therefore, in the case where a rotating force is generated in the 
cushioning part, the amount of rotation of the cushioning part 
becomes large. Besides, the grooves are formed not only on the 
outer peripheral surface of the cushioning part, but also on the 
inner peripheral surface of the cushioning part. Accordingly, the 
rotating force generated in the cushioning part becomes high. As 
stated above, since the cushioning part is easily rotated, and the 
rotating force becomes high, the cushioning function of the 
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cushioning part is remarkably unproved. 

In the invention, it is preferable that the "cavity" is generally 
made a closed space. As the structure of the "cavity", in addition to 
a case where the closed space is formed in the midsole itself, there 
is also a case where a recess provided in the midsole is closed by an 
insole such as a cup insole to form the cavity. In the case where the 
cushioning part is housed in a sealed container made of soft resin, 
the cavity may be a space having an opening. Incidentally, the 
cushioning part may be constructed by sealing a Uquid gel in the 
sealed container. 

[0019] In the invention, as the material of the "cushioning part!', 
elastomer is used, and preferably, a gel such as a sihcone gel or a 
polyethylene gel is used. Besides, it is preferable that the hardness 
of the cushioning part is SRIS-C hardness (a value measured by a 
C-type hardness meter of Society of Rubber Industry, Japan 
Standard) of 35 degrees or less, and more preferably, it is set within 
the range of SRIS-C hardness of 10 degrees to 30 degrees. 

The body portion of the midsole is formed of a foam of resin 
such as EVA (ethylene-vinyl acetate copolymer) or syndiotactic 
1,2-polybutadiene, or a foam of rubber. 

In general, it is preferable that the hardness of the 
cushioning part is set to be a value lower than the hardness of the 
midsole body by SRIS-C hardness of 2 degrees or larger. 

Incidentally, although the hardness value is based on the 
SRIS-C hardness, a hardness value according to another measuring 
method can also be converted on the basis of a conversion reference 
value. 
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[0020] In the second aspect, in a case where the cushioning part is 
buried in the forefoot portion of the midsole or the rear foot portion, 
the shape of the cushioning part is set to be a thick plate shape 
having a thickness of 3 mm or more,, a thick plate shape having a 
thickness of 5 mm or more, or a column shape having a low height 
as compared with a diameter. Incidentally, as long as a space is 
secured, the shape of the cushioning part may be a column shape 
having a high height as compared with a diameter, and may be, for 
example, a rectangular column shape in addition to a cyhndrical 
shape or a taper cylindrical shape. 

[0021] In the case where several (five or six) grooves and/or convex 
portions are provided substantially on the entire periphery of the 
outer peripheral surface of the cushioning part having the low 
height as compared with the diameter, the cushioning part becomes 
the shape like a helical gear. 

Incidentally, in order to obtain large deformation by giving 
continuity to the shear deformation along the peripheral surface, it 
is preferable that the outer peripheral surface and the inner 
peripheral surface are made circumferential surfaces (cylindrical 
surfaces). Besides, it is preferable to form the grooves and the 
convex portions substantially on the entire periphery and 
continuously fi:om the upper end of the part to the lower end. 

In order to generate sufficiently large shear deformation in 
the cushioning part, in general, it is preferable to make the width 
of the convex portion wider than that of the groove, and in order 
that the cushioning part is deformed integrally with the convex 
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portion, it is preferable that the convex portion is integral with the 
cushioning part. 

[0022] According to a third aspect of the invention, a midsole 
provided between an outer sole and an upper and being suitable for 
absorbing a shock of landing includes a midsole body and a 
cushioning part. 

The midsole body includes a cavity. The cushioning part is 
fitted in the cavity. The cushioning part is formed of elastomer. 
Young modulus of a member constituting the cushioning part is set 
to be a value smaller than Young modulus of a member constituting 
the midsole body. The cushioning part is formed to be a plate- 
having an upper surface and a lower surface. A pluraUty of heUcal 
grooves and/or convex portions is formed on at least one of the 
upper surface and the lower surface of the cushioning part, and the 
thickness of the cushioning part at the groove and/or convex portion 
is gradually changed along the groove and/or convex portion. 

[0023] In the third aspect, since the helical grooves and convex 
portions are provided on the upper surface or the lower surface of 
the cushioning part, the ratio of the movement of a helix point in 
the radial direction becomes remarkably larger than the ratio of the 
movement in the axial direction. Accordingly, the groove and the 
convex portion is turbinate. 

[0024] According to a fourth aspect of the invention, a midsole 
provided between an outer sole and an upper and being suitable for 
absorbing a shock of landing includes a midsole body and a 
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cushioning part. 

The midsole body includes a cavity. The cushioning part is 
fitted in the cavity The cushioning part is formed of elastomer. 
Young modulus of a member constituting the part is set to be a 
value smaller than Young modulus of a member constituting the 
midsole body The cushioning part includes an upper surface and a 
lower surface. The midsole body includes a support surface for 
supporting the lower surface of the cushioning part in the cavity A 
pluraUty of helical convex portions biting into the lower surface of 
the cushioning part, and/or a plurahty of hehcal grooves into which 
part of the lower surface of the cushioning part is deformed to be 
embedded are/is formed on the support surface. When compression, 
load is appHed to the cushioning part in the vertical direction, the 
convex portions and/or grooves generate a rotating force to twist 
the cushioning part around an axial line substantially along a 
vertical hne. 

[0025] That is, in the fourth aspect, instead of forming the grooves 
and the convex portions in the cushioning part, they are formed on 
the surface of the cavity in the midsole body. 

[0026] In the case where the cushioning part is molded fi-om low 
hardness elastomer such as silicone gel, the molding becomes 
easier when the grooves and the convex portions are provided in 
the midsole body made of EVA or the like, rather than provided on 
the cushioning part. 

Particularly when the cushioning part is made flat 
plate-shaped, the cushioning part can be formed by merely 
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punching a large flat plate by a cutting die such as a Thomson 
Diecut. 

[0027] Incidentally, by combining the third and fourth aspects, the 
grooves and the convex portions may be provided on both the 
surface of the cavity in the midsole body and the cushioning part. 

[0028] The invention would be more clearly understood from the 
following description of the preferred embodiments with reference 
to the accompanying drawings. However, the embodiments and the 
drawings are merely for illustration and description. The scope of 
the invention should be determined on the basis of claims. In the 
accompanying drawings, the same reference numerals in the plural 
drawings designate the same or hke portions. 

[0029] BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing a midsole for a right foot 

according to a first embodiment of the invention. 

Fig. 2 is a vertical sectional view of the same. 
Fig. 3 is an exploded perspective view of the same. 

[0030] Fig. 4 is an exploded perspective view in which a first 
midsole body, a cushioning part, and a cushioning unit of Fig. 3 are 
seen from the bottom. 

Fig. 5(a) is a perspective view of a cushioning part for a right 
foot, Fig. 5(b) is a plan view of a cushioning part for a left foot, Fig. 
5(c) is a front view of the cushioning part for the left foot, Fig. 5(d) 
is a plan view of the cushioning part for the right foot, and Fig. 5(e) 



11 



is a front view of the cushioning part for the right foot. 

Fig 6(a) to 6(d) are perspective views respectively showing 
modified examples of the cushioning part. 

[0031] Fig. 7(a) is a perspective view showing a cushioning part of a 
second embodiment, and Fig. 7(b) is a perspective view showing 
another example of the cushioning part. 

Fig. 8(a) is an exploded perspective view showing a midsole 
of a third embodiment, and Fig. 8(b) is a cross-sectional view of the 
midsole assembled. 

Fig. 9 is an exploded perspective view showing a midsole in a 
state in which a cushioning part is fitted. 

[0032] Fig. 10 is a perspective view showing a tread portion of a 
midsole body, a cushioning part, and a cap. 

Fig. 11(a) is a front view showing a cushioning part of a 
fourth embodiment, Fig. 11(b) is a plan view of the same, Fig. 11(c) 
is a front view showing another example of the cushioning part, 
and Figs. 11(d) and 11(e) are front views respectively showing other 
examples of the cushioning part. 

Fig. 12 is a perspective view showing a cushioning structure 
of another midsole. 

[0033] Fig. 13(a) and Fig. 13(b) are plan views of part of a midsole 
and a cushioning part, respectively showing still another example. 

Fig. 14(a) is a perspective view showing a midsole of a fifth 
embodiment, and Fig. 14(b) is a perspective view showing a 
modified example of a cushioning part. 
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Figs. 15(a) to 15(c) are perspective views and a sectional view 
showing a conventional cushioning structure. 

Fig. 16(a) is a front view showing another conventional 
cushioning structvire, and Fig. 16(b) is a plan view of the same. 

[0034] DESCRIPTION OF THE EMBODIMENTS 

Hereinafter, embodiments of the invention wUl be described 
with reference to the drawings. 
First embodiment 

Figs. 1 to 5(e) show a first embodiment. 

[0035] As shown in Fig.l and Fig. 2, a first midsole body 2A which 
is arranged in an upside and a second midsole body 2B which is 
arranged in a downside are vertically bonded to form a midsole M. 
An outer sole O, a shank and the like are bonded to the lower 
surface of the second midsole body 2B. On the other hand, an insole 
is bonded onto the first midsole body 2A. The midsole body is 
formed of, for example, EVA. Incidentally, an upper U suitable for 
wrapping an instep is arranged over the insole. The outer sole O 
comes in contact with a road surface or a floor surface, and is 
formed of a material having higher abrasion resistance than the 
midsole M. 

[0036] As shown in Fig. 2, first and second cavities 3A and 3B are 
formed between the first and second midsole bodies 2A and 2B. 
Referring to Fig.3, a cushioning part (an example of a cushioning 
portion) IR and a cushioning unit 5 are fitted in the first and 
second cavities 3A, 3B, respectively. As shown in Fig. 4, the 
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respective cavities 3A and 3B are formed by closing recesses formed 
on the lower surface of the first midsole body 2A by the upper 
surface of the second midsole body 2B of Fig. 2. Incidentally, the 
second cavity 3B opens toward the rear. 

[0037] The first cavity 3A and the cushioning part IR of Fig. 2 and 
3 are provided at a position corresponding to the ball of the foot 
(condyle of metatarsal bone of first toe) of the tread portion 28. On 
the other hand, the cushioning unit 5 is provided at a position 
corresponding to a portion of the heel near the lateral side. 

[0038] Fig. 5(a), Fig. 5(d), and Fig. 5(e) show a cushioning part IR 
fitted to the right foot midsole. On the other hand. Fig. 5(b), and 
Fig. 5(c) show a cushioning part IL fitted to a left foot midsole (not 
shown). 

The cushioning parts IL and IR are made of, for example, 
silicone gel softer than the midsole bodies 2A and 2B. The 
cushioning part IL, IR has a columnar shape having large outer 
diameters Dl and D2 as compared with the height (thickness) H 
and is formed into a ring shape in this embodiment. Referring to 
Fig.4, a hollow portion 19 in the central portion of the cushioning 
part IL, IR, mates with a protrusion 27 formed on the first midsole 
body 2A. 

[0039] In Figs. 5(a) to 5(e), an outer peripheral surface 10 of the 
cushioning part IL, IR is formed into a taper shape in which its 
diameter shortens as the outer peripheral surface 10 ascends. On 
the other hand, an inner peripheral surface 15 of the cushioning 
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part IL, IR is formed into a taper shape in which its diameter 
shortens as the inner peripheral surface 15 descends. 

[0040] In the right foot cushioning part IR of Fig. 5(a), 5(d) and 5(e), 
several (for example, four to eight) heUcal first and second grooves 
11 and 12 along the rotating direction of a right-hand screw are 
formed on the outer peripheral surfece 10 and the inner peripheral 
surface 15, respectively. On the other hand, in the left foot 
cushioning part IL of Figs. 5(b) and 5(c), several hehcal first and 
second grooves 11 and 12 along the rotating direction of a left-hand 
screw are formed on the outer peripheral surface 10 and the inner 
peripheral surface 15, respectively. That is, the respective groovesr. 
11 and 12 are obUquely formed so as to rotate around a 
substantially vertical axial Une V as they descend. 

[0041] The pitch of the second groove 12 formed on the inner 
peripheral surface 15 is small, and therefore, several hehcal convex 
portions 13 are formed on the inner peripheral surface 15 between 
the second grooves 12 and 12. Incidentally, a lead angle 9 between 
the groove 11, 12 and the horizontal plane is preferably set to 35 
degrees to 60 degrees, more preferably to 40 degrees to 50 degrees. 
In the case of the range as stated above, since a protrusion 150 
between the groove 11 and the groove 11 is sufficiently deformed, 
the cushioning performance is improved. 

[0042] The respective grooves 11, 12 and the convex portions 13 are 
provided on substantially the entire peripheries of the outer 
peripheral surface 10 and the inner peripheral surface 15 of the 
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cushioning part IL, IR, and substantiaUy uniformly. Besides, the 
respective grooves 11, 12 and the convex portions 13 are formed to 
be continuous from an upper end surface 16 of the cushioning part 
IL, IR to a lower end surface 17. 

[0043] The range a in which each of the first grooves 11 is formed is 
set to a value larger than the range of 15 degrees around the axial 
hne V and smaller than the range of 90 degrees around the axial 
Une V. In this case, in general, a rotating angle p from one end of a 
center line Lc, of the one groove 11 to the other end is set to about 5 
degrees to 60 degrees. The rotating angle (3 is the angle that the 
hehcal Hne which is the center hne Lc of the one groove 11 rotates, 
around the point O from the upper end of the groove 11 to the lower 
end of the groove 11. 

[0044] In Fig. 3, the cushioning unit 5 is formed in such a manner 
that silicone gel is sealed in a soft resin container, and further, the 
container is molded integrally with urethane foam. 

[0045] Next, a mechanism for absorbing a shock will be described. 

Referring Fig.l through 5, at the time of walking or running, 
a foot lands on the ground from a heel, and thereafter, lands on the 
ground with the tread portion (forefoot portion) 28. When landing 
with the tread portion 28, the first and second midsole bodies 2A 
and 2B and the cushioning parts IL and IR are 
compression-deformed by the compression load in the vertical 
direction. 
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[0046] When the compression load is applied to the cushioning part 
IR of Fig. 5(a), the outer peripheral portion and the inner 
peripheral portion of the cushioning part lEi are rotated in a 
circumferential direction Rl and are shear-deformed in such a 
manner that they fall. That is, when the compression load is 
appUed to the cushioning part IR, the grooves 11, 12 and the 
convex portions 13 are deformed in such a manner that they fall, so 
that the rotating force of twisting them around the vertical axial 
line V is generated in the cushioning part IR. In this way, in 
addition to the compression deformation, the cushioning part IR is 
shear-deformed to be twisted along the horizontal plane, so that the 
great cushioning function is produced. 

[0047] Particularly, the range a of the groove 11, 12 is set to 15 
degrees to 90 degrees (rotation angle p is 5 degrees to 60 degrees). 
That is, since the cushioning part IR including the grooves 11 and 
12 does not have a shape Uke a screw, but has a shape hke a helical 
gear (helical bevel gear), when the compression deformation is 
vertically apphed to the part IR, the part IR is twisted around the 
vertical axial line V, and as a result, the shear deformation is 
generated in the inside of the part IR. 

[0048] Incidentally, the right foot cushioning part IR of Fig. 5(d) is 
twisted in the counter cloclswise direction Rl, whereas the left foot 
cushioning part IL of Fig, 5(b) is twisted in the clockwise direction 
R2. 

[0049] In this embodiment, the sides of the outer peripheral surface 



17 



10 and the inner peripheral sm'face 15 are formed to be 
taper- shaped. Thus, the volume of a surface portion to be 
shear-deformed becomes larger as compared with one having a side 
which is not taper-shaped. Accordingly, the cushioning function also 
becomes higher. 

[0050] Besides, not only the groove 11 is provided on the outer 
peripheral surface 10, but also the groove 11, 12 and the convex 
portion 13 are provided on the inner peripheral surface 15. Further, 
these grooves 11, 12 and the convex portion 13 are formed so as to 
rotate the cushioning part IR in one direction. Accordingly, as 
compared with one in which a groove or the like is provided only on 
one peripheral surface, the volume of shear deformation becomes 
larger. 

[0051] Besides, in the cushioning parts IL and IR, a value of an 
average diameter D = (Dl + D2)/2 of the minimum diameter Dl 
and the maximum diameter D2 is set to be not lower than a value 
of the height H. It is preferable that the value of the average 
diameter D is set to be D > H, and more preferably, D > 2.5 H. 

When the value of the average diameter D is set as stated 
above, the cushioning parts IL and IR become apt to generate the 
shear deformation, and the cushioning effect can be raised. Besides, 
the cushioning part IL, IR can be provided at the tread portion 28 
which is required to be thin. 

Incidentally, in the case where the cushioning part having 
such a shape as is obtained by superposing the truncated cones as 
shown in Fig. 11(d) and 11(e) is formed, an average value of the 
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diameter from the upper end surface 16 to the lower end surface 17 
is set to be not lower than the value of the height H. 

[0052] Modified example 

Figs. 6(a) to 6(d) show modified examples of the cushioning 
part IR or IL. 

As shown in Fig. 6(a), the cushioning part IR is not provided 
with a hollow portion, but may be formed into a thick disk shape. 

As shown in Fig. 6(b), a through hole 18 passing through the 
cushioning part IR fi-om the upper surface to the lower surface may 
be provided. 

As shown in Figs. 6(c) and 6(d), the outer peripheral surface 
10 and the inner peripheral surface 15 are not tapered, but may be 
made cyHndrical. 

[0053] Second embodiment 

In Fig. 7(a), a cushioning part IR is formed to have a plateau 
shape (an example of a thick plate) in which its center portion is 
swollen, and includes a square top portion 16 and a lower surface 
17. The cushioning part IR has an upper surface 100 continuous 
with the top portion 16. Four convex portions 14 are formed on the 
upper surface 100. These convex portions 14 are Unear, and formed 
to be helical so that compared with a rotation angle in which a 
point is rotated around one axial hne, the amount of movement of 
the point along the axial Une is indefinite. 

Accordingly, when the compression load in the vertical 
direction is applied to the cushioning part IR, the convex portions 
14 are rotated as indicated by two-dot-chain lines, and generate 
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similar shear deformation to the former embodiment. 
[0054] In Fig. 7(b), a top portion 16, a plurality of grooves 11 and a 
plurality of convex portions 14 are formed on an upper surface 100 
of a thick plate cushioning part IL. The grooves 11 and the convex 
portions 14 are radially and turbinately formed. The grooves 11 are 
made deeper as they approach the periphery of the cushioning part 
IL, and accordingly, it can be said that they are helically formed. 
Therefore, when the compression load is applied to the cushioning 
part IL, the cushioning part IL is twisted in a direction shown by 
an arrow. 

Incidentally, it is preferable that the convex portions 14 are 
provided to be curved as shown in Fig. 7(b). 

[0055] Incidentally, in a locus of movement of the center of gravity 
from the landing of a foot to the kicking of the foot, a direction in 
which a force is appUed to the cushioning part subtly varies 
according to a place of the foot. Thus, it is preferable that the 
directions of the grooves and the convex portions are set in 
accordance with the direction in which the force is applied at every 
fitting place. For example, in the tread portion during the action of 
running and walking, it is desirable that as in this embodiment, 
the groove is set to be clockwise with respect to the left foot, and 
the groove is set to be counter-clockwise with respect to the right 
foot. 

[0056] Besides, with respect to the landing direction or the 
direction in which the force is apphed at the heel portion, there are 
some dijfferent types (over-pronater or over-supinater). It is 
desirable that the twisting direction of the cushioning part is set to 
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comply with that. 

That is, it is preferable that the twisting direction of the 
cushioning part is suitably set in view of a fitting place, a use of a 
shoe, a state of an exerciser, and the Uke. 
[0057] Third embodiment 

Fig. 8(a) to Fig. 10 show a third embodiment. 

As shown in Fig. 8(a), a recess 20 is formed in a tread portion 
28 of a midsole body 2. This recess 20 is closed by a cap 21 to 
constitute a cavity 3 of Fig. 8(b). A flat plate cushioning part 1 is 
fitted in the cavity 3 as shown in Fig. 9. 

[0058] As shown in Fig. 10, first grooves 11 and first convex^ 
portions 14 are formed on an upper surface (support surface of the 
cavity) 22 of the recess 20 of the midsole body 2. On the other hand, 
second grooves 12 and second convex portions 13 are formed on a 
lower surface (surface of the cavity) 23 of the cap 21. A lower 
surface 17 of the cushioning part 1 is supported by the upper 
surface 22 of the recess 20, whereas an upper surface 16 of the 
cushioning part 1 is in contact with the lower surface 23 of the cap 
21. 

[0059] The grooves 11 and 12 and the convex portions 13 and 14 are 
numerously provided, and are radially and turbinately formed. The 
respective grooves 11 and 12 are gradually made deeper as they 
approach the peripheries of the recess 20 and the cap 21, and 
accordingly, it can be said that they are heHcally formed. 

[0060] As is clearly shown in Fig. 8(a), the first groove 11 and the 
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convex portion 14, and the second groove 12 and the convex portion 
13 are mutuaUy twisted in the same rotating direction. Besides, as 
shown in Fig. 8(b), the second convex portion 13 is arranged to face 
the first groove 11 via the cushioning part 1. On the other hand, the 
first convex portion 14 is arranged to face the second groove 12 via 
the cushioning part 1. 

[0061] In the shoe sole of this embodiment, when compression load 
is appUed to the tread portion 28, the convex portions 13 and 14 of 
Fig. 8(a) bite into the cushioning part 1, and the cushioning part 1 
is deformed to be embedded into the grooves 11 and 12. Thus, the 
cushioning part 1 of Fig. 10 becomes the shape as shown in Fig? 
7(b), and when the compression load is applied in this state, the 
cushioning part 1 is twisted around the vertical axial Une V. As a 
result, shearing stress along the horizontal plane (surface) is 
generated in the cushioning part 1. 

[0062] Fourth embodiment 

Fig. 11(a) and Fig. 11(b) show another example of a 
cushioning part lA. As shown in Fig. 11(a), a groove 11 of the 
cushioning part lA is formed to be substantially V-shaped along 
lines 111 and 112. That is, this groove 11 is formed along a 
V-shaped line in which the two hehxes 111 and 112 different from 
each other in the rotation direction are smoothly connected at the 
vertically center position. 

In the case of this embodiment, when the compression load is 
appUed to the cushioning part lA, rotating force is generated in 
different directions above and below an imaginary surface 113 of 
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the cushioning part lA. 

[0063] Incidentally, as shown in Fig. 11(c), in the cushioning part 
lA, ranges a in which the grooves 11 are formed may be set to 
values different from each other between the upper portion and the 
lower portion of the imaginary surface 113. 

[0064] Modified example 

Fig. 12 and Fig. 13 show modified examples. 

As shown in Fig. 12, only the convex portion 14 may be 
provided in the cavity 3 of the midsole. 

[0065] Besides, as shown in Figs. 13(a) and 13(b), the groove 11 and 
the convex portion 14 may be provided on both the cavity 3 and the 
cushioning part IR. Besides, the cushioning part IR may be 
constructed by the cap itself. 

[0066] Fifth embodiment 

Fig. 14(a) shows a fifth embodiment. 

A midsole 2 is composed of many cushioning parts 
(cushioning portions) IC, ID and IE. Among these parts, a heUcal 
groove 11 is formed on an outer peripheral surface 10 of the 
cushioning part IE. The cushioning part IE is made of a foam of 
EVA, and is formed to be cylindrical. 

[0067] The many cushioning parts IC, ID and IE are bonded to an 
outer sole, cup insole, and the like (not shown) to form an integral 
shoe sole. Incidentally, the upper or lower portions of the respective 
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cushioning parts IC, ID and IE may be integrally coupled at the 
time of molding. Besides, the cushioning part IE may be provided 
only in part of the midsole the whole of which is plate-shaped. 

The same structure as the first embodiment can be adopted 
for the other construction of the cushioning part IE provided with 
the groove 11. 

[0068] Incidentally, in the case where the hardness of the 
cushioning part IE is high, the range a and the rotation angle p of 
Fig. 5(b) can be made large. For example, in the case where EVA or 
the like having higher hardness than gel is adopted, the range a 
can be set within the range of 15 degrees to 180 degrees, and in this 
case, the rotation angle p is generally set to about 5 degrees to 150 
degrees. 

[0069] However, in order to make the shear deformation easily 
occur irrespective of the hardness of the cushioning part or the 
cushioning portion, it is preferable that the range a is set within 
the range of 15 degrees to 120 degrees, and in this case, the 
rotation angle p is generally set to about 5 degrees to 90 degrees. 
Besides, it is more preferable that the range a is set to the range of 
15 degrees to 90 degrees, and in this case, the rotation angle p is 
generally set to about 5 degrees to 60 degrees. 

[0070] Modified example 

As shown in Fig. 14(b), in the cushioning part IE, a soft 
material 6 such as a gel having Young modulus smaller than a 
material of the cushioning part IE, or a material such as a resin 
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having Young modulus larger than the material of the cushioning 
part IE may be buried in the groove 11. 

[0071] As described above, although the preferred embodiments 
have been described with reference to the drawings, one of ordinary 
skill in the art could conceive various modifications and corrections 
within an obvious range by referring to the present specification. 

For example, the column may be a square coliunn or a 
rectangular shell column, not a cylinder or a ring. 

Besides, the cushioning part IE of Fig. 14(a) may be 
integrally formed with the midsole body. 

Accordingly, the modifications and corrections as stated 
above are interpreted as included within the range of the invention 
determined fi:om the claims. 
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